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The economy of Eritrea depends on rain-fed agriculture, which is highly sensitive to 
seasonal and interannual variations of rainfall. Adequate amount of rainfall is required 
every year for adequate agricultural production and drinking water. Therefore, the 
distribution of seasonal rainfall in space and time is critical to the country's economy. 
Drought has great influence on the socio-economic aspect and livelihood of the rural 
population. Drought occurs in Eritrea due to anomalous regional atmospheric 
circulation. This study focuses on the summer rainy season of June, July and August 
(JJA). It examines atmospheric and oceanographic mechanism patterns associated to 
summer rainfall anomalies. 
The investigation mainly concentrates on wet and dry spells that occurred over Eritrea 
during the rainy seasons (June to August) of 1950's-1990's. Rainfall data was 
available from the Climatic Research Unit (CRU) Hulme dataset for a period of 
1950 -1996 and this together with rainfall data from the Africa Data Dissemination 
Service was used to determine the characteristics of wet and dry spells. Finally, 
NCEP-NCAR reanalysis climate data was used to analyse the atmospheric circulation 
associated with wet and dry years. 
It has been found that the pattern of the SST along the eastern Pacific and the Indian 
oceans seem to influence the occurrence of the anomaly rainfall years. Correlation 
analysis shows that Eritrean summer rainfall is more strongly correlated with the 
eastern Pacific and Indian Oceans SST. Thus, the drought records in Eritrea are 











Section 1: INTRODUCTION 
In Eritrea, rainfall is a significant climate variable playing an important role in socio-
economic aspect of the country where its economic activity depends mainly on 
agricultural and livestock production. Variation in the normal rainfall regime can have 
large economic and social impacts on the country. Reduced rains during summer 
season (June-August) when crops are in their maximum need of water supply, can 
affect agricultural production, and lack of clean drinking water. Therefore, the 
distribution of seasonal rainfall in space and time is critical to the country's economy. 
Drought has great influence on the socio-economic aspect and livelihood of the rural 
population. Drought mainly occurs in Eritrea due to the anomalous regional 
atmospheric circulation. Based on this fact, this study aims to identify wet and dry 
years over Eritrea during the rainy season (June-August) for the period 1950's to 
1990's and analyse the mechanisms associated and/or relation with large-scale 
atmospheric and oceanic conditions, in order to upgrade forecasting drought or wet 
spells. 
Next, a review of the general climatic condition and rainfall pattern over Eritrea, and 
review of the literature is given. Data source and methodology used has been 
described in Section 2. In Section 3 results and discussion are presented with special 
emphasis to the mechanisms involved in producing the wet and dry spells. Section 4 











a) Geographical location 
Eritrea is located in the Hom of Africa within the tropics of 12° 22' to 18° 02' latitude 
and 36°26' to 43° 13' longitude. The country is bordering Djibouti and Ethiopia in the 
south, Sudan in the west and Red Sea in the east. Its total land covers around 
124,300 km2 and it has long coastline of approximately 1900 km. 
b) Climate of Eritrea 
Eritrea has high topography variation over short geographical distances. The average 
annual rainfall of the country which depends on geographic variation amounts to 
about 700 mm in some part and 100 mm in certain part of the country (Department of 
Environment of Eritrea 2001; Fig. 1). This leads to extreme variable annual 
precipitation. The most abundant precipitation falls along the Central and Northern 
highland, and Southwestern highland during the summer rainfall season (June to 
August). The amount of rainfall decreases eastward, from the Central and Northern 
highland, and Southwestern highland towards the sea. The precipitation is not evenly 
distributed throughout the year. Scarce precipitation and high temperatures result in 
reduced moisture, so that there is no area in Eritrea where the long-term average 











Figure 1: Eritrea Average Annual Rainfall 
(Source:Buskirk RV http://www. punchdown.org/rvb/rainlrainann.html) 
High topography variation makes the country to have various climatic zones. The 
country is divided into four zones (Fig. 2) based on climatic (rainfall) and physio-
graphic (topography) criteria: the Central and Northern Highlands, the Southwestern 
Lowlands, the Northwestern, and the Coastal Zone. 
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i) The Central and Northern Highlands Zone 
This zone represents most of the high land region and the escarpment. Altitude ranges 
between 1800-2000m above mean sea level(a.m.s.l.). Annual rainfall ranges between 
300 and 500 mm (Department of Environment of Eritrea 1999; Nurahmed 1998). Its 
'big' rainy season (summer local referred as 'Kiremti') is from June-August. Due to 
its special feature if its topography, the escarpment region receives high annual 
rainfalL 
ii). The Southwestern Lowlands Zone 
The South Western Lowlands represents areas of west of the Central and Northern 
Highlands Zone and south of the North Western Lowlands of the country. Its main 
rainfall is between June-September (summer season). The annual average rainfall 
ranges approximately from 400 and 700 mm and its altitude ranges between 1500 to 
2000 m (a.m.s.l.)(Department of Environment of Eritrea 1999; Nurahmed 1998). 
iii). The Northwestern Zone 
The North Western zone covers large part of the western semi-arid region, bordering 
Sudan. Its main rainy season is during Jun-August (summer season). Its annual 
average rainfall is below 400 mm with an altitude of 900-1500 m a.m.s.l. (Department 











ivY. The Coastal Zone 
The Eastern Lowland includes the coastal plains zone which stretches along the Red 
Sea. This zone is the most arid region with hot, dry and humid coastal climate. The 
altitude range is generally below 900 m with annual average rainfall of less than 
200 mm (Department of Environment of Eritrea 1999; Nurahmed 1998). Unlike the 
other zones, the coastal zone gets its rainy season, though it amounts small, from 
October-March. 
c) Seasons of Eritrea 
Eritrea has four seasons through out the year: summer ("Kiremti") , autumn, winter 
("Kiremti Bahri"), and spring ("Azmera"). 
Summer season commonly known as locally as "Kiremti" is the major rainy season 
which extends from June to August. Many parts of the climatic zones of the country 
get long rain during this season except the coastal zone. The "Kiremti" season 
commences during June when the ITCZ moves northward and terminates around late 
August when the ITCZ moves southward. Rainfall distribution during this season 
varies greatly (Fig. 3). Sometimes the season starts very late affecting the main 











Figure 3: Average rainfall per month (in nun) for sununer season (June -August) 
(Source: Buskirk RV from http://www.punchdown.org/rvb/rainlrainann.html) 
The winter ("Kiremti Bahri") season stretches from October to March. During this 
season the coastal area gets rainfall though it is little in amount. During the spring 
("Azmera") season, Eritrea gets short rain from March to May. 
d). Review of the literature 
As Eritrea is a new nation and got its independence in 1991, very few study has been 
done on the rainfall condition of the country and almost nothing has been documented 
on the ocean-atmosphere mechanisms associated to wet and drought years during the 
major rainy season (June-August). 
Nurahmed (1998) has noted that the sununer rainfall is highly variable but he didn't 
mention further the oceanic and atmospheric signal associated with it. Camberlin and 
Philippon (2001) mentioned that no study has been done yet on study of seasonal or 











Department of Environment of Eritrea (2001), Nunilimed (1998) noted that the major 
factors for Eritrea's rainfall are: the Inter Tropical Convergence Zone (ITCZ), tropical 
cyclones over north Indian Ocean, orographic lifting, thermodynamic instability, and 
mid-latitude low pressure systems. Principal controlling factor for the summer rainy 
season (June-August) is the south -westerly winds, prevailing from the Atlantic 
Ocean. This can be observed from Figs. 4a and b of the composite image of mean of 
vector wind (at 850mb and 500mb) for summer season (June -August) from the 
NCEP-NCAR datasets from 1950-2003. 
Large-scale fluctuations in the monsoon flow are a major source of temporal climatic 
variability over Eritrea. This has been noticed by the peculiar characteristics of 
monsoon wind over Eritrea. According to Nurahmed (1998) the northeasterly wind 
will be replaced by south westerly during the Southern Hemisphere summer and 
Northern Hemisphere summer, respectively. 
Starting from 1960's weather patterns in Eritrea have been fluctuating very much. It 
has been observed that since 1965, Eritrea has been suffering from drought at 
approximately every 5-7 years (Department of Environment of Eritrea 2001). 
Catastrophic drought has been recorded from 1972 to 1987, and in 1993 (Department 
of Environment of Eritrea 2001). Eritrean summer rainfall has been very poor and 
arrived very late in the year 2001 and 2002. The consequence of the below-normal 
rainfall and dry spells during this season results in sever drought in the country. 
Nurahmed (1998) noted that ENSO might have an impact on Eritrean rainfall. He 
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Figure 4: Composite NCEP-NCAR sununer season (June-August) mean vector wind 












Section 2: DATA AND METHODOLOGY 
A monthly precipitation data set for Eritrea from 1950 to 1996 is extracted from 
2.7x2.7 degree grided rainfall data set of Climatic research unit (CRU) Hulme 
precipitation and this together with rainfall data from Africa Data Dissemination 
Service was used to determine the characteristics of the wet and dry years. The 
African Data Dissemination Service (ADDS) compiles and updates rainfall database. 
The data is collected from the host countries. The ADDS provides public access to 
African data sets archived by the U.S. Agency for International Development 
(USAID) Famine Early Warning System Network (FEWS NET). 
In using the CRU data set, coordinates 35° to 45° E and 11° to 20° N are used to show 
the geographic position of Eritrea from June-August (rainy season) period each year 
to form an Eritrean summer rainfall index for the data set. Correspondingly, years for 
which the normalised summer rainfall anomaly (normalized anomaly is equal to the 
anomaly divided by the standard deviation for the period) above or below 
approximately one standard deviation were then defmed as wet and dry years, 
respectively. This analysis has been done along with the National Centers for 
Environmental Prediction-National Center for Atmospheric Research (NCEP-
NCAR) reanalysis (Kalnay et al. 1996) data set. 
Observational rainfall data for the period 1979's-OO's for Eritrea were obtained from 
Africa Data Dissemination Service for different meteorological stations. After 
obtaining the rainfall data for the period of 1979 to 2000, nonnalized summer rainfall 











the data from CRU data set. The Africa Data Dissemination Service has some data 
gaps and some of the stations were not operating for many years due to war for 
independence of the country. 
The study includes various gridded fields of atmospheric parameters from NCEP-
NCAR reanalysis to describe typical conditions associated with wet· and dry years 
over Eritrea. An analysis of the fields is based on compositing techniques, which 
involve the selection of meteorological events with similar characteristics and then 
obtaining the averaged characteristics of these events at seasonal scale. Though 
NCEP-NCAR reanalysis includes a comprehensive set, only the following variables 
have been selected: zonal and meridional components; geopotential height, air 
temperature, relative humidity, cloud cover, and precipitation. 
To analyse the relationship of El Nifio-Southern Oscillation (ENSO) and Eritrean 
rainfall, as an index of EN SO, Southern Oscillation Index (SOl), which has been used 
as derived by the climatic prediction model (Table 1) and El Nifio events as defined 
by SST anomalies in Nifio 3.4 Region by Trenberth (1997) (Table 2) have been used. 
Extreme El Nifio events have been selected based on the Southern Oscillation Index 
(SOl) and SST anomalies in Nifio 3.4 Region which synchronize to the Eritrean 
summer rainfall season (June-August). The NCEP-NCAR reanalysis was used to 
assess the mean fields and anomalies associated with the extreme El Nifio events. 
Composites of warm anomalous years (El Nifi6 events) for the different atmospheric 
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Table 1: cold (La Nina) and warm (EI Niiio) Episodes by Season (as defined by SOl); weak 
periods are designated as C- or W-, moderate strength periods as C or W, strong periods as 
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Table 2 lists ofElNiiio events after 1950 as defined by SST anomalies inNiiio 304 
Region and exceeding ±Oo4oC threshold. The starting and ending month of each event 











Regarding the validity of NCEP-NCAR reanalysis dataset; Smith et al. (2001) 
suggested that the uncertainties of NCEP-NCAR are not known yet. He found that 
NCEP-NCAR underestimates significantly near-surface wind speed, but it under 
estimates slightly pressure and momentum flux while it overestimates sensible and 
latent heat fluxes. Further he noted that NCEP-NCAR temperature and specific 
humidity relatively valid to wind and pressure. Poccard and Janicot (1998), Camberlin 
et al. (2001) noted NCEP-NCAR reanalysis is data set essential for climatic studies 
despite some limitations. Further Yan et al. (2002) suggested that ''NCEP-NCAR data 
are dynamically homogeneous as they are gridded outputs of identical modeling based 











Section 3: RESULT AND DISCUSSION 
a) Mean monthly and seasonal rainfall cycle 
Mean monthly of Eritrea's rainfall from 1950-1996 which were extracted from the 
Climatic Research Unit (CRU) data set using 35 0 to 45 0 East and 11 0 to 20 0 North 
coordinates that includes the geographical position of Eritrea. The data has been 
plotted in to bar graph showing the major rainy season (summer) the months of June, 
July and August (Figs. 5 and 6). Nurahmed (1998) noted that major rainy season, 





















Mean monthly rainfall trend of EI1trea from 1950-1996 
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Figure 5: Mean monthly rainfall based on data from the CRU dataset showing the 
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Figure 6: Inter-annual mid-year rainfall based on data from the CRU dataset showing 
lune-August. 
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b) Wet and dry years 
Based on the normalised summer rainfall anomaly (normalized anomaly is equal to 
the anomaly divided by the standard deviation of the anomaly) derived from the CRU 
dataset for the period of 1950-1996 (June-August), the most extreme seasons which 
are above or below one standard deviation were then defmed as wet and dry years, 
respectively (Fig. 7). 

















Further, normalized summer rainfall anomaly (Fig. 8) of the observational data 
from the African Data Dissemination Service (ADDS) showed similar result 
with the CRU data set. The normalized summer rainfall anomaly from ADDS 
(Fig. 8) showed that that 1982, 1984, 1987, 1990 and 1991 were dry years. But 
the normalized anomaly plot (Fig. 7) from the CRU data set showed that the 
year 1996 was a dry year whereas the normalized anomaly plot from the 
ADDS showed that the year 1996 was extreme wet. Global Precipitation 
Climatology Project (GPCP) data set has been used to compare the reliability 
of the two data set (CRU and ADDS). The GPCP data set comprises of 
precipitation data from low-orbit-satellite microwave data, geosynchronous-
orbit satellite infrared data, and rain gauge observations. This data set contains 











precipitation record for all over the globe is available from the data set. The 
data set is essential for verification of climate model simulations. 
GPCP data shows that the JJA months of the year 1996 were wet season 
(Fig. 9). Comparing the precipitation data from the tree data sets for this 
particular year indicates that the GPCP and ADDS (Figs. 8 an 9) data sets 
have similar result whereas the CRU data (Fig. 6) showed the summer season 
of the year 1996 was dry. Thus the CRU data set should have to consider such 
kind of inconsistency. In this study the year 1996 has not been chosen neither 
as dry year nor wet year. 
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Figure 8:Normalised anomaly ofEritrean summer rainfall based on data from African 
Data Dissemination Service 
In the past many dry years have been recorded. For instance drought occurred 
in major part of the Hom of Africa, including Eritrea, in 1968-1973, 1982 and 










in Eritrea in the year 1984 (Andrew and Mustafa 1992; Fig. 8). This extreme 
dry year has been clearly shown in the ADDS normalized plot but not strongly 
in the CRU data set (Figs. 7 and 8). According to the Department of 
Environment of Eritrea (2001), since 1965 Eritrea has been suffering from 
drought at approximately every 5-7 years. Catastrophic drought has been 
recorded from 1972 to 1987, and in 1993 (Department of Environment of 
Eritrea 2001). From normalized summer rainfall anomaly (Fig. 7 and 8), it can 
be observed that there were extended dry years from 1982 -1987 and 1990/91 
which in fact drought hit the country adversely during those years. 
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c) Atmospheric and oceanographic mechanisms for the wet and dry years 
Using the NCEP reanalysis data, the atmospheric dynamics associated with the wet 
and dry years are further analysed by composting. The following composites of 
meteorological fields are performed at different pressure levels: Outgoing longwave 
radiation (OLR), Sea Surface Temperature (SST), Air temperature, Relative humidity, 
Vector wind, and Geopotential height 
Outgoing longwave radiation (OLR): 
Analysis of distribution and cover of clouds is important to understand rainfall 
patterns (Preston-whyte and Tyson 1988; Peixoto and Abraham 1992). Whether any 
region around the globe is covered by cloud or not can be identified by outgoing 
longwave radiation (OLR). OLR is usually used as a proxy for rainfall. 
The large negative OLR values over Eritrea (Fig. 9) during wet anomaly years implies 
more extensive or deeper cold cloud tops. This corresponds to a positive anomaly in 
deep convection (above normal convection), i.e., enhanced rainfall. While large 
positive OLR value (Fig. 10) for the dry anomaly years implies below normal 
convection (reduced rain) except for the years 1966, 1970 and 1971. A observed from 
Fig.tO anomalous OLR value have been bigger and widespread since 1980's which 
corrspods with the dry years as it has been shown from Figs 7 and 8. Thus the OLR 
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Sea Surface Temperature (SST) 
The pattern of the SST along the tropical Atlantic and the Indian oceans seems to be 
linked to the occurrence of the anomaly years (Figs. 11 a and 12). During wet years, 
the presence of warmer northern tropical Atlantic Ocean and colder southern tropical 
Atlantic, and colder Indian Ocean SST has been observed from the composite image 
(Fig. 11 b). While during most of the dry anomaly years, particularly in 1987, 1990 
and 1991 (Fig. 12a) and the composite image if these anomalous years, warm SST of 
Indian Ocean has been observed (Fig. 12b). 
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Figure II(b): SST composite image for Wet years (1950, 1953, 1961 , 1964, 1975) 
which prevail similar SST pattern 
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Figure 12(b): SST composite image for dry years (1987,1990, and 1991) which 
prevail similar SST pattern 
Vector wind 
The composite images for the wet years (Fig. 13a) showed that the vector wind were 
more westerly. The westerly winds, which bring moisture from tropical Atlantic, are 
good for enhanced rain during the wet years in Eritrea. From Fig. 13b of the 
composite images for the wet years at different pressure levels, it can be seen that at 
the upper tropospheric (200mb) the wind flow is anomalously easterly. At the lower 
atmosphere wind flow becomes anomalously westerly (Fig. 13 b). Whereas, during 
dry years the pattern of wind anomalies is the opposite (Fig. 14b). During the dry 
years, the composite images (Fig. 14a) showed that the winds were anomalously 
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Figure 13(a) Vector wind anomaly for dry years 
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Figure 13(b): composite of vector wind anomaly for wet years 1950, 1953, 1961 , 
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Figure 14(b): composite ofvector wind anomaly for dry years 1987, 1990 and 1991 at 












Air temperature composite anomalies for wet years (1950, 1953, 1961, 1964 and 
1975) at 1000 mb (Fig. 15) shows cold anomalies (below normal temperature) that 
arose from the rainy season. While composite of air temperature for dry years shows 
warm air temperature anomaly years (Fig. 16), which is anticipated during dry years. 
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Figure 15: composite of air temperature for wet years 
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Composite images of relative humidity from Figs. 17 and 18 show that during wet 
years, there was high higher relative humidity over Eritrea due to more rain and 
during the dry years it was the opposite in respects. From the composite image of the 
dry years (Fig. 18a), especially from the composite image of the most extreme 
drought years (Fig. 18b) can be observed that high moisture content over southern 
tropical Atlantic Ocean. This high humidity could affect indirectly the flow of 
westerly winds resulting in less rain over Eritrea. 
1000mb Raloliva Humidity (X) CompGBit. Anomo~ 
Jun tl> Aug19~O.'9.53.'9051.196i,1975 
NCEP/NCAR RaonaJ)/Bia 
-25 -I!! .5 15 25 











NCfP/NCAR Rea t\dy1i> 

1000mb Rda';yc Humlclt;y (lI) {;ampaaite Anomaly 1968--ISSG cfmo 

Jun to Aug: 196G.1970.1971.19~Z. 1987.1990.1991 
-9 2 B 
Figure 18( a): composite of relative humidity for dry anomalous years (1966,1970, 
1971, 1982, 1987, 1990 and 1991) 
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Figure 18(b): composite of relative humidity for dry anomalous years extreme 












Negative values (low pressure) are observed for wet anomaly years associated with 
ascending air and cloudy skies resulting in wet conditions (Fig. 19) at different 
pressure levels. This low pressure could be induced due to the more south westerly 
wind (Figs. l3a and l3b) associated with more humidity (Fig. 17) from the tropical 
and equatorial Africa. Positive composite value of the Geopotential height (high 
pressure) is observed during the dry anomaly years (particularly for the composte 
images of extreme dry anomalous years: 1982, 1987, 1990 and 1991) that are 
associated with descending air, clear skies resulting in warming of the lower levels 
(Fig. 20). This wide spread high-pressure anomalies associated with less westerly 
during dry years (Figs. 14a and 14b) result in less rain. Further, it can be observed 
from Figs. 19 and 20 that the pressure dropped rapidly with height during wet years as 
compared during the dry years. This is mainly due to density difference of cold and 
warm alf. 
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Figure 19: composite ofgeopotential height for wet anomalous years 1987, 1990 and 
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Figure 20: composite of geopotentiaI height for dry anomalous years 1982, 1987, 











d) Correlation of Eritrean summer rainfall and SST 
Having the establishement of the mechanism leading drought and wet period, SST 
anomalous were announced during the wet and dry years. The Koninklifk Nederlands 
Meteorologisch Institut (KNMI) climate explorer, which is used to correlate station 
data, climate indices, gridded observations, and NCEP-NCAR reanalysis fields, has 
been used in this study to. analyse correlation at different lags between Eritrea rainfall 
(CRU precipitation) and SST (NCDC (Reynold & Smith) SST reconstruction). 
Fig.21 shows that summer rainfall over Eritrea is correlated to tropical Atlantic, 
Indian and eastern Pacific Oceans SST. Nurahmed (1998) indicated that the South 
Atlantic high pressure cells over the South Atlantic Ocean is one of the major 
controlling factors for the flow of lower tropospheric during the main rainy season 
(June-August). Further he added that " .. the South Atlantic Ocean is the main source of 
moisture for summer rainfall over most parts of the country. Northeasterly dry and 
continental wind is a prevalent flow during dry spell within the season." 
It was seen from Fig. 21 that the Eritrean summer rainfall is correlated with the 
eastern Pacific Ocean SST, (0.5-0.6) and Indian Ocean SST (0.5). The warm SST of 
Indian Ocean along with extreme high SST in eastern Pacific Ocean seems to 
influence the occurrence of the anomalous dry years. Further in this section, i 
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Figure 21: Correlation ofEritrean summer rainfall and NCDC (Reynold & Smith) 











e) The relationship of ENSO and Eritrean rainfall 
Because El Nifio is a global phenomenon, this study also analyse the relationship 
between ENSO and Eritrean rainfall. The strong El Nifio events, which coincide with 
the Eritrean summer rainfall seasons (June-August), were selected, as it has been 
described in the methodology section, based on the Southern Oscillation Index (SOl) 
and SST anomalies. El Nifio events selected are: 1957, 1972, 1982, 1987, 1991, 1997 
and 2001. NCEP-NCAR reanalysis data set was used to assess the mean fields and 
anomalies associated during the extreme El Nifio events. The analysis of the fields is 
based on compo siting techniques. 
Sea Surface temperature (SST) 
Understanding interannual variability of SST is essential because it significantly 
influences evaporation, thermal wind, moisture convergence, and indicates stability of 
the atmosphere. 
During El Nifio, the Indian Ocean along with eastern Pacific Ocean tends to warm 
(Fig. 22). The warm periods of the Indian Ocean (Fig. 12a and 12b) and eastern 
Pacific Ocean correspond to reduced rainfall over Eritrea. This implies that the 
rhythm of Eritrean summer rainfall is governed by large-scale SST patterns. 
Particularly, anomalous warm SST acts to reduce rainfall over Eritrea. ENSO events 
highly expressed the SST anomalous. ENSO is playing a dominant role in modulating 
rainfull over much of the Continent; mainly on northeastern (including Eritrea), 











Nicholson and Kim 1997). As Eritrea is part of this region, ENSO could playa role in 
fluctuating rainfall of the country. 
Rc~nold" Reconstructed SST 
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Figure 22: composite of SST anomalies during EI Nifio years 
Thus, the SST over the Indian Ocean is strongly correlated with the ENSO event such 
that anomalous warm water in the Ocean tends to occur with extreme warm (EI Nifio) 
event. Thus, SST Indian Ocean along with the eastern Pacifica Ocean may impact on 
the Eritrean summer rainfall. 
Wind 
i) Zonal winds: easterly anomalies (less westerly) and/or more north easterly wind is 
observed in lower troposphere (Figs. 23 and 24) over Eritrea. The postive zonal winds 
anomalies (Figs. 23 and 24) indicate there were easterly anomalies, representing 
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Figure 23 Composite of Zonal wind anomalies (850hPa) for EI Nino years 
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Figure 24 Composite of Zonal wind anomalies (500hPa) for EI Nino years 
ii) Meridional wind: though southerly winds blow during the EI Nino events over 
Eritrea, almost all over the continent of Africa, the anomalous northerly winds are 
expressed by the ENSO events (Figs. 25 and 26). Cambelin et al. (2001) suggested 











northerly wind anomalies across the Sahara, IS related to drought conditions 
(Cambelin et al. 2001). 
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Figure 25 Composite of Meridional wind (850hPa) for warm anomalous years 
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Figure 26 Composite of Meridional wind (500hPa) for warm anomalous years 
A ir temperature 
Works ofHorel and Wallace (1981), Pan and Oort (1983) showed that during EI Nifio 
events most of the troposphere is anomalously warm. Fig. 27 shows that almost the 











anomalous warm low-level temperature could be the result of lowered cloud cover 
complemented by increased insolation. 
NCEP /NCAR Reoll<lly.le 
l!!lDmb arr (c) Campoolt. Anom<rly 1911l1-1!196 clm" 
_1~~---------r 
Jun to Au!!' 10157.1972.1982.1987. 1901.1997.2<lDl 
-0.8 -O.S -0.4 -0.2 o 0.2 0.4 O.S 0 .11 
Figure 27 Composite of Air temperature for El Nifio anomalous years 
Relative humidity 
During El Nino event, relative humidity at 850hPa is lower than normal over Eritrea 
and vast region of East Africa (Fig. 28). Rocha and Simmonds (1997) explained 
relative humidity anomalies, during the dry years in the north-eastern of Africa 
pressure enhanced over the continent weakening the thermal low. Thus, the weaker 
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Figure 28 Composite of relative humidity for El Nifio anomalous years 
Geopotential height 
During the dry anomalous years, over the Indian Ocean, positive composite values of 
the geopotential height (high pressure) at 850hPa are observed (Fig. 29). These dry 
anomalies years are associated with descending air, clear skies resulting in warming 
of the lower levels, and hence decrease rainfall. At 500hPa (Fig. 30) a band of 
positive pressure anomalies extends from almost central Africa to the south and south-
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Figure 29: Composite of geopotential height (at 850hPa) for EI Nino anomalous years 
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Figure 30 Composite of geopotential height (at 500hPa) for EI Nino anomalous years 
Precipitation rate 
Though precipitation anomalies derived from NCEP-NCAR analysis are not best 
estimates but are used ill this study to enlarge the domain of the study. From 
Figs. 31 a and 31 b of precipitation anomalies, it has been observed that during the 
1957 and 1972 EI Nino events, the impact of ENSO was not well pronounced over 











1997 (Fig. 31 t), and 2001 (Fig. 31 g) EI Nifio events, it showed marked decrease of 
rainfall over Eritrea. Reverse condition happened during the 1957 and 1972 E1 Nifio 
phase (Figs. 31a and 32b). Thus, in Eritrea the extreme drought records of the year 
1982 to1984, 1990/91 and 2001 could be mainly associated with the E1 Nifio events. 
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Figure 31(a): Precipitation rate anomaly for 1957 
. ,' iii II "' I 
-0 - 4 -J 2 _I 0 
Figure 31 (c): Precipitation rate anomalies for 1982 
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Figure 31 (e): Precipitation rate anomaly for 1991 
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Figure 3 1 (b): Precipitation rate anomaly for 1972 
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Figure 31 (d): Precipitation rate anomaly for 1987 
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Figure 31 (g): Precipitation rate anomaly for 2001 
From Figs. 32 and 33, it can be seen that there is a correlation of ENS a and summer 
rainfall of Eritrea. 
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Figure 33: Correlation of precipitation rate and SOl index 
Outgoing Long wave Radiation (OLR) 
.. 
From the above composite of precipitation anomalous years, it has been observed that 
the 1982, 1987, 1991, 1997 and 2001 EI Nifio events have also similar anomalies of 
precipitation rate pattern with regarded to Eritrea. The 1957 and 1972 EI Nifio events 
have similar but different from the other anomalies precipitation rate pattern. 
Depending on this similarity, OLR composite anomalies has been done for those 
EI Nifio events exhibit similar precipitation rate anomaly. 
During 1957 and 1972 EI Nifio events, decreased OLR values (anomalous negative 
OLR) over Eritrea has been shown on Fig. 34. This implies that there was above 
normal convection associated with the abnormal precipitation (high rainfall) (see 
Figs. 31aand 31b)) during those EI Nifio events. While during the 1982,1987,1991, 











OLR) (Fig, 35) implied below nonnal convection, resulting ill decreased rainfall 
(see Figs 31c-g), 
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Figure 34 Composite of OLR anomalies for 1957 and 1972 EI Nifio events 
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Section 4: CONCLUSION 
Rainfall plays an important role in the socio-economic aspect of Eritrea where its 
economic activity depends mainly on agricultural production. Fluctuation in the 
normal rainfall regime can have large economic and social impacts on the country. 
Decreased rains during summer season (June-August) when crops are in their 
maximum need of water supply, can affect agricultural production, and lack of clean 
drinking water. Distribution of seasonal rainfall in space and time is critical to the 
country's economy. 
In this study, wet and dry years (during summer rainfall season) have been identified 
and analysed using the three independent datasets: CRU (Climatic Research Unit, 
University of East Anglia, UK)) Hulme dataset, the Africa Data Dissemination 
Service, and NCEP-NCAR reanalysis. Wet years are 1950,1953,1954, 
1956,1961,1964, and1975. Dry years are 1966, 1970, 1971, 1982, 1987, 1990 and 
1991. Using NCEP-NCAR reanalysis, composite analysis of various gridded fields of 
atmospheric parameters (zonal and meridional components; geopotential height, air 
temperature, relative humidity, cloud cover, and precipitation) and SST has been done 
for wet and dry years separately. During wet years it has been observed that low-
pressure system and more westerly wind. While during dry years, high-pressure 
system and less westerly (more northeasterly) winds have been prevailing. 
Drought mainly occurs in Eritrea due to the anomalous regional atmospheric 
circulation which accompanied by an abnormal summer rainfall season. There are a 











different atmospheric and SST data showed that the tropical Atlantic, Indian and 
Pacific Oceans are correlated with the Eritrean summer rainfalL Theses oceans are not 
separate influences but linked together. ENSO which provides the link between the 
influences and correlates well with the Eritrean summer rainfall. Correlation analysis 
showed there is a relationship between eastern Pacific Ocean and Eritrean summer 
rainfall. Though it is not strong, there is a relationship also between Eritrean major 
rainfall and the Indian Ocean. Overall the Indian Ocean and eastern Pacific Ocean 
have a good correlation with the Eritrean summer rainfall. This shows that El Nino 
could have strong impact on Eritrean summer rainfall along with the fluctuation of 
Indian Ocean SST. " 
The impact of El Nino-Southern Oscillation (ENSO) (as measured by SOl and SST 
anomaly) on climatic variability of Eritrea has been found important during summer 
rainfall season (JJA).During the 1982, 1987, 1991, 1997 and 2001 El Nino events, 
dry conditions (less precipitation) tend to prevail over Eritrea. The SST over the 
Indian Ocean is strongly correlated ,with the ENSO event such that anomalous warm 
water in the Ocean tends to occur with extreme warm (El Nino) event. This 
anomalous SST of Indian associated with El Nino events may have an impact on 
Eritrean summer rainfall but it needs further study. 
Anomalous atmospher,ic features occurring during the warm ENSO events have been 
identified: north-easterly low level wind anomalies prevail over Eritrea, anomalous 
warm temperatures occurred at low level, decreased relative humidity, weak low-level 
convergence and high pressure anomalies were observed. Nurahmed (1998) suggested 











investigated the influence and has confrrmed its importance and has quantified the 
strength of the influence. 
Thorough study is needed to understand the role and mechanism of ENSO and 
incorporate it into forecast and prediction of rainfall which is helpful to management 
decisions so that the people of Eritrea can better adapted to the unusual perturbation 
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